Snail-borne trematodes represent a large, diverse, and evolutionarily, ecologically, and medically 2 important group of parasites, often imposing strong selection on their hosts and causing host morbidity 3 and mortality. Even so, there are very few genomic and transcriptomic resources available for this 4 important animal group. We help to fill this gap by providing transcriptome resources from trematode 5 metacercariae infecting two congeneric snail species, Potamopyrgus antipodarum and P. estuarinus. 6 This genus of New Zealand snails has gained prominence in large part through the development of P. 7 antipodarum and its sterilizing trematode parasite Microphallus livelyi into a textbook model for host-8 parasite coevolutionary interactions in nature. By contrast, the interactions between Microphallus 9 trematodes and P. estuarinus, an estuary-inhabiting species closely related to the freshwater P. 1 0 antipodarum, are relatively unstudied. Here, we provide the first annotated transcriptome assemblies 1 1
INTRODUCTION 2 6
Snail-borne trematodes are important sources of morbidity and mortality in animals, including humans infection (10-20%; Vergara et al. 2013) . We also isolated Microphallus from a single adult female We dissected individual Potamopyrgus snails to determine infection status, and saved parasite 1 0 3 tissue from snails containing stage 5 Microphallus infections (fully formed metacercariae that fill the 1 0 4 entire snail body cavity; http://www.indiana.edu/%7Ecurtweb/trematodes/DATA_KEY.HTM). We 1 0 5 separated parasite from snail tissue with a forceps and used a micropipette to isolate metacercariae 1 0 6 cysts. We immediately placed the metacercariae in RNAlater® Solution (Life Technologies 1 0 7
Corporation) at 4°C for 24 hours and subsequently stored the RNAlater®-submerged metacercariae at - metacercariae isolates were pooled in one tube. We had to use this pooling strategy for the PA- Microphallus because at this time (early 2013), pooling of cysts from multiple snails was necessary to 1 1 1 obtain a sufficient amount of RNA to perform RNA sequencing. Technological advances in library 1 1 2 preparation and RNA sequencing between 2013 and 2015 meant that we were able to obtain a 1 1 3 sufficient amount of RNA from the metacercariae isolated from a single P. estuarinus individual for 1 1 4 RNA sequencing. We extracted RNA from metacercariae following the TRIzol protocol (Chomczynski and 1 1 6 Sacchi 1987; Chomczynski 1993). We assessed RNA quantity and quality using a Bio-Rad Experion we used hierarchical clustering based on sequence identity to further reduce redundancy in the (github.com/jsharbrough/grabContigs), we extracted the 11060 orthologous sequences from each 1 7 5
Microphallus transcriptome to generate putative ortholog transcriptomes for each isolate. To improve 1 7 6 the accuracy of our ortholog predictions, we then used blastx against the NCBI nr database with an E- one orthologs. To further ensure that we accurately predicted orthologs, we also performed reciprocal 1 8 0 shortest molecular distance comparisons between the 7935 pairs of transcripts using 1 8 1 "reciprocal_smallest_distance.py" (Wall et al. 2003) . Here, we inferred orthologs using a combination 1 8 2 of global sequence alignments between the two transcriptomes and maximum likelihood-based accounting for the ortholog transcriptome to which the reads were mapped. Next, we used Picard Tools coordinates relative to the ortholog transcriptome to which they were mapped and to generate 2 0 8 mpileups.
0 9
We generated separate mpileup files for each of the four bam files and used Popoolation files to take into account the ortholog transcriptome to which reads were mapped. We compared the Microphallus mapped to the PE-Microphallus ortholog transcriptome). Next, we used the 2 2 2
Popoolation2 fst-sliding.pl to calculate F ST per SNP to assess levels of relative genetic differentiation 2 2 3 between the two Microphallus types. We used these F ST values to determine mean F ST per SNP 2 2 4 1 2 between PA-Microphallus and PE-Microphallus relative to both of the ortholog transcriptomes. We which can be interpreted as representing significant genetic differentiation for these genes between 2 2 7 these two types of Microphallus. Finally, we used blastx and Blast2GO to annotate F ST outlier-2 2 8 containing transcripts and determine putative functions. We used blastx (Camacho et al. 2009 ) and Blast2GO (Conesa et al. 2005) to annotate the orthologous 2 3 2 sequences for both Microphallus types. We also annotated the transcripts from each transcriptome that 2 3 3 did not fall into orthologous gene sets ("non-one-to-one orthologs"). We then performed GO functional This analysis approach allowed us to compare over vs. underrepresented functional groups for 2 3 9 orthologous and non-orthologous transcripts between the two types of Microphallus in order to 2 4 0 identify which functional groups were expressed in both Microphallus isolates vs. those functional 2 4 1 groups that were uniquely enriched in each Microphallus type. We also predicted KEGG (Kyoto Blast2GO. This analysis allowed us to (1) identify potential among-gene interactions, (2) identify sets whether different pathways are being expressed between the two isolates. Finally, we used Blast+ to 2 4 6 generate local BLAST databases for both annotated transcriptomes. We used PrimerPro V.1.0 (https://webdocs.cs.ualberta.ca/~yifeng/primerpro/) to identify potential 2 5 0 microsatellite loci in the two Microphallus transcriptomes. We limited these analyses to the ortholog 2 5 1 transcriptomes to ensure the transcripts in which we identified microsatellites were distinct loci and to repeats for mononucleotide repeats, six for dinucleotide repeats, five for trinucleotide repeats, four for 2 5 9 tetranucleotide repeats, three for pentanucleotide repeats, and three for hexanucleotide repeats, and 2 6 0 identified compound microsatellites as instances where there was more than one microsatellite 2 6 1 separated by less than or equal 150 nucleotides.
1 5 for a total of 76.5% (PA-Microphallus) and 82.4% (PE-Microphallus) of the 843 BUSCO genes represented in the transcriptomes (Table 2) . Considered together with our assembly statistics (Table 1) ,
these results indicate that our transcriptomes are of good quality, are reasonably complete, and are 3 0 1 qualitatively similar to other recently published de novo transcriptome assemblies (e.g., Guo et al. We generated local BLAST databases for both annotated Microphallus transcriptomes that 3 1 0 allow for simple queries of nucleotide and protein sequences. This resource will be broadly useful for 3 1 1 future studies geared towards identifying candidate genes from Microphallus as well as other related 3 1 2 ecologically and/or medically important parasites by providing an easy way to search for genes in a 3 1 3 well-characterized host-parasite system. These databases will also be an asset for phylogenetic or 3 1 4 molecular evolution-focused studies that would benefit from the addition of data from Trematoda. metacercariae from snail tissue but is likely also linked in part to availability of well-annotated 3 4 8 genomic and/or transcriptomic resources for the specific species that were hit (Table S1) .
textbook system for the study of host-parasite coevolutionary interactions, and the data generated and/or patterns of molecular evolution and phylogenetics of these and other trematode parasites. Our and pathways for future study and further characterization for potential roles in physiological and 5 0 7 stress responses relevant to organisms inhabiting freshwater vs. estuarine environments, as well as 
